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© Nuclear reactor installation with^passi^^ 

@ There is disclosed a nuclear reactor installation. 

An accumulatotSiEe.^^ 
tem 'a gravity-d?iven core cooling system and an 
equalizing system for submerging a reactor core are 
provided within a primary containment vessel con- 
taining a reactor pressure vessel (2) in which the 
reactor core (1) is disposed. These cooling systems 
are automatically operated sequentially in accor- 
dance with the pressure in the reactor pressure 
vessel without the need for any particular powered 
source The primary containment vessel (10) is 
made of steel, and the interior of this containment 
vessel is divided into a space containing the reactor 
pressure vessel (2) and a space containing an op- 
eration floor (30) in such a manner that the two 
spaces are isolated from each other. An opening 



device (31) is provided between the two spaces so 
as to communicate the two spaces with each other 
in the event of an accident, the upper portion of the 
primary containment vessel being air-cooled while 
the lower portion of this containment vessel being 
water-cooled. 
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BACKGROUND OF THE INVENTION 

This invention relates generally to a cooling 
technique for a nuclear reactor installation, and 
more particularly to techniques suited for cooling 
and submerging a reactor core in the event of a 
coolant loss accident, and for removing decay heat 
produced at the reactor core, and for suppressing 
the increase of pressure within a containment ves- 
sel. 

In a convectional boiling reactor having an 
electric output of up to 1.100 MW. a large amount 
of steam, produced from a ruptured portion at the 
time of a coolant loss accident, is led into a pres- 
sure suppression pool, provided below a reactor 
pressure vessel, and is condensed there, thereby 
suppressing the increase of pressure within a pri- 
mary containment vessel to below an allowable 
level. Then, an emergency core cooling system 
(EGGS), which comprises a high-pressure core 
spray system, a low-pressure core spray system, a 
low-pressure pouring system and an automatic de- 
pressurization system, is operated to pump up the 
water of the suppression pool to cool the reactor 
core At this time, a residual heat removal system 
feeds, by a pump, the water of the suppression 
pool to a heat exchanger disposed outside of the 
containment vessel, thereby removing decay heat 
from the reactor core. 

On the other hand, in a small- to a medium- 
size boiling reactor having an electric output of up 
to 600 MW. in order to simplify the installation and 
to achieve a high safety, it has been proposed that 
an emergency core cooling system excludes the 
use of powered equipment, such as a pump, and 
instead employs a dual accumulator pouring sys- 
tem using a passive method in which gas pressure 
is beforehand applied to a water reservoir for pour- 
ing water to the reactor core under a pressure 
differential between the water reservoir and the 
reactor core so as to cool the reactor core upon 
emergency. Thus, the system heretofore used in 
the conventional reactor is omitted. 

Also, with respect to a small- to a medium-size 
reactor. Japanese Patent Unexamined Publication 
No. 63-191096 discloses a system in which the 
decay heat during a long cooling period after a 
coolant loss accident is removed by a passive 
method using a natural force. More specifically, an 
outer pool is provided around a primary contain- 
ment vessel, and by utilizing a natural convection 
of a pressure suppression pool and the outer pool, 
with th surface of the containment vessel used as 
a heat transfer surface, the heat is transferred to 
the outer pool due to a temperature difference 
between the two pools so as to evaporate the pool 
water to thereby achieve the cooling. 

As described above, the containment vessel in 



the small- to the medium-size reactor is of such a 
construction that the steam of high temperature 
and pressure which has leaked into the primary 
containment vessel, is led into a pressure suppres- 
5 sion chamber in the primary containment vessel so 
that the steam of high temperature and pressure is 
condensed by the pressure suppression pool within 
this chamber. 

The system used in the large-size reactor, 
10 among the prior art. requires auxiliary powered 
equipment, including a pump, a heat exchanger 
and an emergency power source, in order to cool 
the reactor core and also to remove decay heat 
produced at the core at the time of a coolant loss 
75 accident. Therefore, the construction of the plant 
becomes complicated, which poses a problem that 
attention is required so as not to lower the reliabil- 
ity when, for example, the power source is sub- 
jected to a malfunction. 
20 On the other hand, if the accumulator pouring 

system and the outer pool use as the safety equip- 
ment for the small- to the medium-size reactor, are 
adopted to the large-size reactor, the construction 
of the plant of the large-size reactor can be simpli- 
25 tied; however, if they are merely adopted, the size 
of the primary containment vessel for accommodat- 
ing the reactor pressure vessel and the pressure 
suppression chamber becomes excessively large 
in order to increase the area of heat radiation to the 
30 water of the outer pool so as to cope with a large 
power output. 

SUMMARY OF THE INVENTION 

35 It is a first object of this invention to provide an 

emergency core cooling system (EGGS) for rapidly 
cooling and submerging a core of a nuclear reactor 
in the event of a coolant loss accident, which is 
simple in construction, and can be automatically 
40 operated in a reliable manner without the need for 
any special power means. 

A second object of the invention is to provide a 
nuclear reactor installation in which decay heat 
produced from a reactor is efficiently removed to 
45 achieve a long-period cooling function. According 
to one aspect of the present invention, there is 
provided a nuclear reactor installation built within a 
building, the nuclear reactor installation comprising 
a reactor pressure vessel containing a reactor core 
50 which produces steam having a steam pressure; a 
concrete structure portion enclosing and holding 
the reactor pressure vessel; a dry well formed 
within the concrete structure portion and enclosing 
the reactor pressure vessel; a primary containment 
55 vessel enclosing the concrete structural portion; a 
pressure suppression chamber having a pressure 
suppression pool; and a vent tube communicating 
the dry well with the pressure suppression pool; 
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the installation comprising an accumulator-type 
emergency core cooling system, a gravity-driven 
emergency core cooling system and an equalizing 
system for submerging said reactor core, which are 
mounted within the primary containment vessel, the 
equalizing system being adapted to feed water 
from the suppression pool to the reactor core so as 
to submerge the latter; 

wherein when the steam pressure in the reac- 
tor core decreases upon a coolant loss accident, 
the accumulator-type emergency core cooling sys- 
tem is operated to supply cooling water into the 
reactor pressure vessel to cool the reactor core; 
when the pressure in the reactor pressure vessel 
further decreases during the above cooling opera- 
tion, the gravity-driven emergency core cooling 
system is operated to feed a large amount of 
cooling water into the reactor pressure vessel so as 
to allow the cooling water to overflow through a 
broken part into the lower portion of the dry well 
which is therefore filled with the cooling water, and 
then the cooling water is fed via the vent tube to 
the suppression pool in the suppression chamber 
to raise the water level of the suppression pool; 
and subsequently when the water level of the sup- 
pression pool becomes high as compared with the 
pressure in the reactor pressure vessel, the equal- 
izing system is operated to supply the water from 
the suppression pool into the reactor pressure ves- 
sel to submerge and cool the reactor core. 

According to another aspect of the present 
invention, there is provided a nuclear reactor in- 
stallation comprising: a reactor pressure vessel 
having a reactor core and an equalizing system for 
submerging the reactor core; a concrete structural 
portion enclosing and holding the reactor pressure 
vessel; a primary containment vessel made of steel 
enclosing the reactor pressure vessel and an op- 
eration floor; an outer pool surrounding the lower 
portion of the primary containment vessel; and an 
air-cooling system covering the upper portion of 
the primary containment vessel; wherein the upper 
wall of the concrete structural portion is connected 
air-tight to the inner periphery of the primary con- 
tainment vessel; the operation floor is provided in 
that portion of the primary containment vessel 
which is disposed above the upper wall of the 
concrete structural portion; and the space of the 
operation floor is connected to that portion of the 
primary containment vessel which is disposed be- 
low the upper wall of the concrete structural portion 
through at least one pressure-responsive opening 
means which is opened when a pressure difference 
therebetween becomes higher than a predeter- 
mined level. 

With the construction of the present invention, 
when the pressure in the reactor pressure vessel 
decreases in the event of a coolant loss accident. 



the accumulator-type emergency core cooling sys- 
tem, the gravity-driven emergency core cooling 
system and the equalizing system are automati- 
cally operated sequentially. These systems are op- 
5 erated merely depending on the pressure differ- 
ence between each of the emergency cooling sys- 
tems and the reactor pressure vessel, without re- 
quiring any particular drive power, and therefore 
there can be provided the emergency core cooling 
10 system which is simple in construction and is reli- 
able In operation. 

The reactor pressure vessel and the operation 
floor are contained in the primary containment ves- 
sel made of steel, and in the normal condition the 
75 pressure space containing the reactor pressure 
vessel is isolated from the space containing the 
operation floor, and In the case of emergency, the 
two spaces are communicated with each other by 
the opening means which is operated in accor- 
20 dance with the pressure difference between the two 
spaces. The upper portion of the primary contain- 
ment vessel Is air-cooled, and the lower portion 
thereof is water-cooled- Therefore, the entire sur- 
face of the primary containment vessel is cooled so 
25 as to remove decay heat of the reactor for a long 
period. With this construction, the cooling of the 
primary containment vessel Is effected through the 
steel wall having a large heat radiation area and a 
good heat transfer efficiency, and therefore the 
30 decay heat can be removed in a reliable and 
efficient manner. Further, since the upper portion of 
the primary containment vessel suited for the air- 
cooling and the lower portion thereof suited for the 
water-cooling are cooled respectively by the air- 
35 cooling and the water-cooling, the cooling efficien- 
cy Is enhanced, and this cooling construction can 
be simplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a vertical cross-sectional view of a 
nuclear reactor installation according to a first 
embodiment of the present invention; 
Fig. 2 Is a graph showing a relation between a 
45 pressure variation in a reactor pressure vessel 
and the time period of supply of water Into the 
reactor pressure vessel by each emergency 
core cooling system at the time of a coolant loss 
accident; 

50 Fig. 3a is a schematic vertical cross-sectional 
view of the reactor Installation of the first em- 
bodiment, showing a water holding condition of 
each emergency cor cooling system (ECCS) in 
a normal operating condition of the first embodi- 

55 ment; 

Fig. 3b is a view similar to Fig. 3a, but showing 
a water holding condition of each emergency 
core cooling system after an accumulator-type 



3 



EP 0 476 563 A2 



ECCS is operated at the time of a coolant loss 
accident of the first embodiment; 
Fig. 3c is a view similar to Fig. 3a, but showing 
a water holding condition of each emergency 
core cooling system after a gravity-driven ECCS 
is operated at the time of the coolant loss ac- 
cident of the first embodiment; 
Fig. 3d is an enlarged view of a portion of Fig. 
3c; 

Fig. 4a is a vertical cross-sectional view ot a 
pressure suppression pool in a modified form of 
the first embodiment of the invention in a normal 
operating condition; 

Fig. 4b is a view similar to Fig. 4a, but showing 
a condition at an initial stage after an accident in 
the modified form; 

Fig. 4c is a view similar to Fig. 4a, but showing 
a condition at a further stage of the accident 
from the condition of Fig. 4b; 
Fig. 5 is a graph showing heat radiation char- 
acteristics of the primary containment vessel 
cooling systems in the first embodiment, using a 
common time axis; 

Fig. 6 is a schematic vertical cross-sectional 
view of an air-cooling duct in the reactor installa- 
tion of the first embodiment; 
Fig. 7 is a perspective view of a portion of the 
air-cooling duct of Fig. 6; 
Fig. 8 is a graph showing a temperature van- 
ation of water in an outer pool in a nuclear 
reactor installation according to a second em- 
bodiment of the present invention; 
Fig. 9 is a vertical cross-sectional view of the 
outer pool of the reactor installation of the sec- 
ond embodiment; 

Fig. 10 is a vertical cross-sectional view of a 
nuclear reactor Installation according to a third 
embodiment of the present invention, showing a 
portion thereof in the vicinity of an outer pool; 
Fig. 11 is a vertical cross-sectional view of a 
nuclear reactor installation according to a fourth 
embodiment of the present invention, showing a 
portion thereof in the vicinity of a pressure sup- 
pression pool; 

Fig. 12 is a vertical cross-sectional view of a 

nuclear reactor installation according to a fifth 

embodiment of the present invention; 

Fig. 13 is an enlarged, vertical cross-sectional 

view of an important portion of Fig. 12; 

Fig. 14 is a perspective view of a portion of a 

boundary region between an operation floor of 

the reactor installation of the first embodiment 

and a wet well; 

Fig. 15 is an enlarged, vertical cross-sectional 
view of a portion indicated by a circle A of Fig. 
14; 

Fig. 16 is a perspective view of a constituent 
segment of the air-cooling duct used in each of 



the embodiments of the present invention; and 
Fig. 17 is a cross-sectional view showing the 
manner of mounting of the segments of Fig. 16 
on the primary containment vessel. 

^ DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the present inven- 
10 tion will now be described with reference to the 
drawings. 

Fig. 1 shows an example in which the present 
invention is applied to a boiling nuclear reactor 
having an electric output of 1 .350 MW. 

76 In Fig. 1 . a cooling water pool 21 . a dry well 1 1 

and a pressure suppression pool 12 are formed by 
a concrete structural wall 16. An upper surface of 
the structure formed by the concrete structural wall 
16 serves as an operation floor 30 where materials. 

20 such as nuclear fuel elements, contained in a reac- 
tor pressure vessel 2, are handled by a handling 
device 80. 

The structure formed by the concrete structural 
wall 16 is covered with a primary containment 
25 vessel 10 of steel. 

The reactor pressure vessel 2 is mounted in 
the dry well 11. A reactor core 1, composed of 
nuclear fuel, is contained in the reactor pressure 
vessel 2. Cooling water in the reactor pressure 
30 vessel 2 receives nuclear reaction heat from the 
reactor core 1 to be converted into steam of high 
temperature and pressure, and this steam is fed via 
a main steam line 3 to the exterior of the primary 
containment vessel 10 to be used as a drive 
35 source for a turbine or the like. The steam thus 
used as the drive source for the turbine is con- 
densed, and is returned to the reactor pressure 
vessel 2 via a feed water line 4. Therefore, the 
main steam line 3 and the feed water line 4 are 
40 extended from the reactor pressure vessel 2 to the 
outside of the primary containment vessel 10. 

The pressure suppression pool 12 and the dry 
well 11 are communicated with each other by a 
vent tube 14 having an inlet 17a and an outlet 17b. 
45 A wet well 13 which is a space above the suppres- 
sion pool 12 is divided by the concrete structural 
wall 16 into an outer portion 13a made in contact 
with the primary containment vessel 10 and an 
inner portion 13b made not in contact with the wall 
50 of the primary containment vessel 10. A plurality of 
communication holes 18 are formed through that 
portion of the concrete structural wall 16 dividing 
the suppression pool 12 into an inner pool 12b and 
an outer pool 12a, and are disposed below the 
55 surface of the water in the suppression pool 12. 
The pool water can be circulated between the inner 
and outer pools 12b and 12a through the plurality 
of communication holes 18. Also, a plurality of 
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communication holes 18a ar formed through that 
portion of the concrete structural wall 16 dividing 
the suppression pool 12 into the inner and outer 
pools 12b and 12a. and are disposed above the 
surface of the water in the suppression pool 12. 

An automatic depressurization system is pro- 
vided in the dry well 11. This automatic depres- 
surization system comprises an automatic depres- 
surization valve 23 mounted on the main steam line 
3 and a line or pipe is connected at its one end to 
a' discharge port of the automatic depressunzation 
valve 23. and the other end of this line is open into 
the pool water in the suppression pool 12. The 
automatic depressurization system also includes a 
control system which opens the automatic depres- 
surization valve 23 when means for measunng the 
level of coolant water in the reactor pressure vessel 
2 detects a low level dangerous for the reactor core 

^ A plurality of kinds of emergency core cooling 
systems are provided within the primary contain- 
ment vessel 10. 

More specifically, an accumulator-type emer- 
gency core cooling system comprises a pressure 
accumulator tank 20 mounted on the operation 
floor 30, a line 24 connected between the pressure 
accumulator tank 20 and the reactor pressure ves- 
sel 2 a check valve 26 mounted on the line 24 so 
as to prevent the flow toward the pressure accu- 
mulator tank 20. and a shut-off (closing and open- 
ing) valve 81 mounted on the line 24. Gas under 
pressure is applied to the interior of the pressure 
accumulator tank 20. This pressure is. for example. 
3 MPa. 

A gravity-driven emergency core cooling sys- 
tem comprises a cooling water pool 21. a line 25 
connected between the cooling water pool 21 and 
the reactor pressure vessel 2. a check valve 27 
mounted on the line 25 so as to prevent the flow 
toward the cooling water pool 21. and a shut-off 
valve 82 mounted on the line 25. 

An equalizing system for submerging the reac- 
tor core comprises an equalizing line 22 connected 
between the suppression pool 12 and the reactor 
pressure vessel 2. a check valve 84 mounted on 
the line 22 so as to prevent the flow toward the 
suppression pool 12. and a shut-off valve 83 moun- 
ted on the line 22. The outlet of the equalizing line 
22 communicated with the reactor pressure vessel 
2 is disposed at a level slightly higher than the 
upper end of the reactor core 1 . 

As shown in Fig. 14. the upper wall portion of 
the concrete structural wall 16 is sealingly (air- 
tightly) connected to the inner peripheral surface of 
the primary containment vessel 10. so that the 
operation floor 30 is isolated from that region dis- 
posed below this upper wall portion. As shown m 
Figs 14 and 15. pipes 85 extends vertically 



through the concrete structural wall 16. As shown 
in Fig 15. a rupture disk 31 is fixedly mounted on 
the upper portion of the pipe 85 to block the pipe 
85 The rupture disk 31 has such a strength as to 
5 be ruptured by the pressure within the wet well 13 
of the pressure suppression chamber to open the 
pipe 85. when this pressure is increased exces- 
sively at the time of an accident. Thus, the rupture 
disk 31 serves as opening and closing control 
,0 means which is nonnally closed, and is opened by 
the excessive high pressure at the time of the 

accident. . 

The lower portion of the primary containment 
vessel 10 is immersed in an outer pool 15 dis- 
,5 posed in contact with the outer periphery of the 
primary containment vessel 10. This outer pool is 
provided with a discharge port 86 opening to the 
exterior. 

An air-cooling duct 33 is mounted on that por- 
20 tion of the primary containment vessel 10 which is 
disposed above the outer pool 15. As shown in 
Figs 6 and 7. the air-cooling duct 33 is consttuted 
by a number of segments 33a of a channel-shaped 
cross-section mounted on the outer surface of the 
25 primary containment vessel 10 so as to form con- 
tinuous flow passages extending in an up-down 
direction. As shown in Figs. 16 and 17. for mount- 
ing the segments 33a. bolts 34 are fixedly secured 
to the outer surface of the primary containment 
30 vessel 10 by welding, and the bolts 34 are passed 
respectively through holes 86 formed through the 
segments 33a, and nuts 35 are attached respec- 
tively to the bolts 34 to fix the segments 33a. An 
air intake port 32 is provided at the lower end of 
35 the air-cooling duct 33. and an air discharge port 
87 is provided at the upper portion of the air- 
cooling duct 33. 

The air-cooling duct 33 is covered with a reac- 
tor building 88 except for the air intake port 32 and 
40 the air discharge port 87. 

In the above nuclear reactor installation, the 
operation of the reactor is started, and then after 
the pressure within the reactor pressure vessel 2 
reaches a normal operating pressure, the shut-off 
45 valves 81 . 82 and 83 are opened. 

If there occurs a coolant loss accident caused, 
for example, by a breakage of the main steam line 
3 during the normal operating condition of the 
reactor, the steam of high temperature and pres- 
50 sure within the reactor pressure vessel 2 flows from 
a broken portion to the dry well 11. Since the 
amount of the cooling water in the reactor pressure 
vessel 2 decreases due to the breakage of the line, 
the ability to cool the reactor core 1 is lowered. 
55 When a decrease of the level of the cooling 
water in the reactor pressure vessel 2, caused by 
an accident is detected, the automatic depres- 
surization valve 23. mounted on the mam steam 
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line 3 is operated to allow the steam within the 
reactor pressure vessel 2 to flow into the suppres- 
sion pool 12 atter insertion of control rods (which 
are not shown) into the nuclear reactor core for 
ceasing the reaction of nuclear fission, thereby 
promoting the decrease of the pressure within the 
reactor pressure vessel 2. 

The pressure within the reactor pressure vessel 
2 is decreased by the operation of the automatic 
depressurization valve 23 to a level lower than the 
pressure of the pressure accumulator tank 20. and 
the check valve 26 is opened. At this time, the 
cooling water in the pressure accumulator tank 20 
is supplied under pressure into the reactor pres- 
sure vessel 2. so that the reactor core 1 is cooled. 

Thereafter, before all of the cooling water in the 
pressure accumulator tank 20 is supplied, the pres- 
sure within the reactor pressure vessel 2 becomes 
lower than the pressure due to a static head dif- 
ference between the cooling water pool 21 and the 
reactor pressure vessel 2, so that the check valve 
27 is opened, and as a result the cooling water in 
the cooling water pool 21 is supplied by gravity 
into the reactor pressure vessel 2 via the line 25. 

A large amount of cooling water held by the 
cooling water pool 21 submerges the reactor core 
1. and then overflows from the broken portion of 
the line, and fills in the lower portion of the dry well 

11 disposed at the lower portion of the reactor 
pressure vessel 2. Then, when the level of the 
cooling water filled in the lower portion of the dry 
well 11 rises to the upper end of the vent tube 14, 
this cooling water flows into the suppression pool 

12 to increase the level of the water of this pool 12. 

The level of the water in the suppression pool 
12 is thus increased by the cooling water from the 
cooling water pool 12, and therefore a static head 
difference develops between the suppression pool 
12 and the reactor core 1. Due to this static head 
difference, the water in the suppression pool 12 is 
supplied into the reactor pressure vessel 2 via the 
equalizing line 22. The water supplied into the 
reactor pressure vessel 2 receives the decay heat 
to evaporate, and the steam resulting from the 
evaporated water is fed to the suppression pool 12 
via the ruptured portion of the line and the auto- 
matic depressurization valve 23. and is condensed 
into water. The condensation water is again sup- 
plied into the reactor pressure vessel 2 via the 
equalizing line 22, and is thus circulated. 

Fig. 2 shows, by way of example, variations of 
the pressure within the reactor pressure vessel 2 
after the accident, and also shows the functions of 
the three lines of emergency core cooling systems 
(hereinafter referred to as "ECCS"). The pressure 
within the reactor pressure vessel 2 is lowered by 
the operation of the automatic depressurization 
valve 23. so that the cooling water held by the 



ECCS can be supplied into the reactor pressure 
vessel 2. 

First, in order to prevent the reactor core 1 
from being exposed from the cooling water in the 
5 reactor pressure vessel 2. the accumulator-type 
ECCS supplies the cooling water from the pressure 
accumulator tank 20 by the pressure difference 
between the pressure accumulator tank 20 and the 
reactor pressure vessel 1 at a stage about 150 
10 seconds after the accident at which stage the pres- 
sure in the reactor pressure vessel 2 is still main- 
tained at a high level. 

Thereafter, the pressure in the reactor pressure 
vessel 2 is further decreased since the automatic 
15 depressurization valve 23 is in its open condition. 
Therefore, the gravity-driven ECCS, which supplies 
the cooling water due to the static head difference 
based on the difference in level between the cool- 
ing water pool 21 and the reactor pressure vessel 
20 2. is operated. At this time, in order to avoid the 
situation that the supply of the cooling water is 
interrupted when the supply of the cooling water is 
switched from the accumulator-type ECCS to the 
gravity-driven ECCS, an effective static head pres- 
25 sure of the cooling water pool 21 is set so that the 
operation of the gravity-driven ECCS can be start- 
ed in accordance with the pressure in the reactor 
pressure vessel 2 immediately before completion 
of the supply of the cooling water fed by the 
30 accumulator-type ECCS. 

Therefore, in order to prevent the reactor core 
1 from being exposed immediately after the ac- 
cident, the accumulator-type ECCS operable under 
high pressure needs only to operate until the 
35 gravity-driven ECCS begins to operate. Therefore, 
the pressure accumulator tank 20 may have a 
relatively small capacity for holding the cooling 
water. 

On the other hand, the gravity-driven ECCS 
40 operates under low pressure, and does not require 
pressurization, and therefore this ECCS can have a 
relatively large capacity for holding the cooling 
water. After the reactor core 1 is submerged by the 
cooling water supplied from the gravity-driven 
45 ECCS, the cooling water overflows from the broken 
portion of the line and the automatic depressuriza- 
tion valve 23. and is filled in the lower portion of 
the dry well 11 disposed at the lower portion of the 
reactor pressure vessel 2. When the water level 
50 further rises to the upper end of the vent tube 14, 
the cooling water flows into the suppression pool 
12 to increase the water level thereof. 

Figs. 3a to 3c show the operations of the three 
ECCSs after the accident. 
55 Fig. 3a is a cross-sectional view showing the 

water-holding conditions of the ECCSs during the 
normal operating condition. 

When the coolant loss accident occurs, a plant 
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in the reactor .s the cooling water, 

tively small caPaaty for h^^^^^^ ^^^,,,,„3 ^t a 
Fig. 3b shows the water h° 9 

:r^pV'ofr:r^------^^^^^^^^ 

neSronofthe— cde^^^^^^^^^ 
tien system 1^-^^;^;^^^ ^ about 0.3 

Sr^eirhrSfferenoe^^^^^^^^^^^ 
terms of the ^-gt>t di«erenc^^^^^^^^^ 
a formula as p x g x H. ^^^"^ / .. and h is 
tater. g is the gravitational accelera^on a 

The height ^••«--->,^^^^^^^^ 1 be- 

gravity-dr.ven ^CCS and tn^^ ^^^^^^^ 
comes larger than he pressu ^^^^ 
therefore the ^'^^'^^^.^^gl ortS gravity-driven 
water held by the P°°' '^re l via the line 

ECCS is supplied to the reactor core 

25- ^ . crrq can supply the cool- 

The gravity-driven ECCS can supf* y 

plied to the ^^^'^°\^'''\'-°^Z.o^ 
Uen portion of ^tje 1-e and^^^^^^^^ po 

the lower portion of the ^ ^^^33^1 2. and 

lower portion of the reactor Pressure 
t^rther flows into the suPPres-^^^^^^^^^^ ^ 
vent tube 14 to increase the water 
suppression pool 12. qq 3gc. 

' Fig. 3c Shows the condition ^ about 
onds in Fig. 2) after the supply of he coo^ 9 
by the gravity-driven ECCS is fin^ne 
water level of the suppres.on Poo^ j^^p^j 3,, the 

At a stage later than the ^age of 9 
static head difference '^«'««;"j;^33"^^^^^^^ 
pool 12 and the is 
The pressure in the reactor, and 9 
supplied from the suppression pool 12 to 
1 via the equalizing line 22. Q^ates at the 

The supplied cooling ^^^ter evapora .^^ 
reactor core 1. but flows again into the supp 



poo, 12 Via the --J^rherorrthra^'^^^^^ 
14. and is c°"d^7f ^rbX^^^^ 

, the core 1 for a 'ong Perijd tme- ^^^^^ 

T r;2bTd 12a otl suppression pool 
tions pools) 12t) ana ^^^^ 
,2 are communicated ^J^^l^^:^^, ^essure in 
nr,unicat.on holes 18a. and t 
,0 the upper space of the '""^r P 

increased by the '"creasin^^ater^^^ ^ ^^^^^^^^^ 
the steam fed from the ^^0 c ^^^^^^^^^ 
the increase of the water ev 3^i^.driven 
pool 12 during the operation ot me y 
,5 ECCS is not hindered suppression 
Also, since ^he water le 

m of the primary 
outer portion 12a with ^creased, and 

containment vessel 10 oj^^®' suppression 
,0 hence the area of co"tac» bef^^^^;^^^^^ PP ^, 
pool 12 and the f^^^^ P°°^;3^3;^^^^ ,or heat trans- 

markedly enhanced. . y^ithout any re- 

With the above ^^^^^^^loTa^^ooXU shift 

ted smoothly. ^ necessary 

,n view of the an^^^^^^'Ig^nce between the 
for ensuring the sta^c ^e^d difference ^ 

35 suppression pool fj^^^ ^^^^^^ 1 via the 

to supply the c°o' "9 ; a^oid the interruption 
equalizing line 22 .n 0 d- to vo.^^^ ^,3 

0I the cooling ot the core aravity-driven 
cooling water is switc ed <Jom *.e ^^^^ 
^ ECCS to the ^''"al.z ng sy^^^^^^^ ^^^3 
amount of the water of l^e gravjV ^^3 
supplied, and also m view of the an, ^^^^^ 

water necessary for c^^;;^;^^ „3,essary for 
in view of the amourt of the jate 

« tilling in *e 'ower P°rt.n ^ ^^^^^^^ ^,3 ,3,,tor 

is disposed at f^^^^^l^ end of the vent 
pressure vessel 2) up to tne upK^ ^^,3 

'"^^ ^!.- rn Scr/drrmtS. The gravi^- 
avity-dnven ECCS ^ ^^^^^ ^^^.^^ 3, 

50 driven ECCS serves xo ^^^3 ^ 

^^"J' U o^;tse fhe water level 

end of the vent tube 14 to m ^^^^ 

of the suppression Poc .^.^' ^ ^ .,,3 to op- 
function until the equalizing system g 

^"None of these three ECCSs use any P^^^^^^ 
device such as a motor driven purnp 
operate in accordance with the passi 
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such as the pressure difference or the static head 
difference relative to the pressure within the reactor 
pressure vessel 2. The operation of these ECCSs 
dose not require the manipulation by the operator 
in the reactor plant. That is. it is automatically 
started so as to continuously cool the reactor core 
in accordance with the pressure in the reactor after 
the accident, throughout all stages, that is. the 
high-pressure stage, the low-pressure stage and 
the long-period cooling stage. These ECCSs func- 
tion to effect a long-period cooling of the core 1 
without the need for replenish water from the ex- 

*°"°Therefore. a wrong manipulation by the oper- 
ator as well as factors in the malfunction of the 
equipment can be eliminated, there by enhancing 
the reliability of the plant. 

Since the functions are allotted to the three 
ECCSs. and since a large-capacity design of the 
cooling system equipment can be avoided, it is 
possible to attain a smaller-size construction of the 
primary containment vessel 10 having the ECCSs 

mounted therein. •„ .iii^ri 

The lower portion of the dry well 11 is filled 
with the cooling water from the gravity-driven 
ECCS up to the upper end of the vent tube 14. 
With this arrangement, even if an extraordmanly 
serious core-melting accident which has not been 
experienced, should occur so that the melted core 
1 passes through the reactor pressure vessel 2 and 
drops to the primary containment vessel 10. the 
soundness of the primary containment vessel 10 
can be ensured since the lower portion of the dry 
well 11 is filled with the cooling water up to the 
upper end of the vent tube 14, thereby enhancing 
the safety of the plant. 

Further all of the component parts of the 
above three ECCS. including the reservoir means 
for holding the cooling water, the lines and the 
valves are mounted within the primary containment 
vessel 10 made of steel, and therefore even if an 
accident should occur on the part of the ECCS for 
a ceratin reason, the radio-activated cooling water 
will not be discharged to the exterior of the primary 
containment vessel 10. thereby enhancing the safe- 
ty of the nuclear plant. 

The cooling of the reactor core 1 is achieved 
by the above-mentioned three ECCSs. and subse- 
quently the decay heat accumulated in the sup- 
pression pool 12 is removed by the cooling system 
provided for the primary containment vessel 10. 

As the cooling system 10 for the primary con- 
tainment vessel 10, explanation will be hereinbelow 
made of an embodiment having an external pool 
system that is provided around the outer penphery 
of the primary containment vessel 10 and a coohng 
air system of a natural draft type that is provided 
around the outer periphery of that portion of the 



primary containment vessel 10 which is above the 
wet well 13, corresponding to the space of the 
operation floor 30 and including cooling ducts 33 
In the event of a coolant loss accident, the 
5 steam, resulting from the water subjected to the 
decay heat in the reactor pressure vessel 2. f ows 
into the dry well 11 through a broken portion of the 
line, so that the pressure in the dry well 11 in- 
creases. When the pressure in the dry well li 
,0 increases, the water level of the vent tube 14 is 
lowered by this pressure. Then, when this water 
level becomes lower than the level of the outlet 
17b of the vent tube 14. the steam and non- 
condensable gas (nitrogen) in the dry well 11 flow 
,5 into the suppression pool 12 through the vent tube 
14 

' The steam thus fed into the suppression pool 
12 is condensed in the water of this pool to dis- 
charge the latent heat, and the temperature of the 
20 water in the suppression pool 12 is increased by 

this heat. . 

On the other hand, the non-condensable gas in 
the dry well is accumulated in the wet well 13 
which is a gas phase space above the pressure 
25 suppression chamber. 

In order to maintain the soundness of the pri- 
mary containment vessel 10. it is necessary to cool 
the pressure suppression chamber to keep the 
maximum pressure of the primary containment 
30 vessel 10 to below an allowable design pressure. In 
the primary containment vessel 10 of the present 
invention, the suppression pool 12 is provided ar- 
ound the reactor pressure vessel 2. and therefore 
the wet well 13 serves as the boundary of the 
35 containment vessel so that the maximum pressure 
of the wet well 13 is suppressed. 

The pressure of the wet well 13 at the time of 
an accident is generally expressed by the following 
formula although it may vary depending on the 
40 shape and size of the primary containment vessel 
10. the heat removal type and the boundary con- 
ditions: 



P = P, 



Steam 



+ P 



ncgas 



45 



Where Ps.e»« represents a partial pressure of 
the steam, and P„cgas is a partial pressure of the 
non-condensable gas. Therefore, the suppression 
of the maximum pressure of the wet well 13 is 
50 achieved by reducing these partial pressures. 

The steam partial pressure in the wet well 13 is 
a saturated steam pressure determined by the tem- 
perature of the water in the suppression pool 12, 
and therefore by cooling the suppression pool 12 
55 to lower the temperature of the pool water, the 
steam partial pressure can be reduced. 

In order to cool the suppression pool 12. the 
outer pool 15 is provided outside the primary con- 
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pool 1^. ^ pool 15 

r TreTe. wa Jf the p^Jmary containment 

' °" MO AS a rlsuU the temperature of the water 
vessel 10 As ^ f^su ^h ^ ^.^^^j^ 

Jhe discharge port 86. thereby discharging the de- 
cihStothe exterior of the primary containment 

On'L other hand, the water in the suppres- 
• Ini^ 12 is subjected to a natural convection 
Scau^e 0 th'e healng by the latent heat due to 

the wall of the primary containment vesse lO^VWh 

tainment vessel 10 is usea 

"'ihe temperature of the water the 

^ion Dool 12 depends on the amount of the accu 

Sated heat obtained by subtracting the amount 

srr^^crromCre^rir: 

the outer pool. This heat radiat.on amount .s ex 
pressed by the following formula: 

Q = KA (Tsp - Top) 



where K represents the overall heat transfer 
coefJcTent determined by the natural convection 
rrrconductivity coefficient of the pool and he 

*--^'r"t:jtrsririrpr:::n::re 

^T:JT:ZVS^^X ^diameter of 
he p^^mary containment vesse. 10 and the depth 
Of the poo7water. T.p represents *e Jempera^^^^^^^ 
the water in the suppression pool 12 and op 
represents the temperature of the water m the 

°"T:?ier'to increase the amount of heat radi- 

-rhr:^^-L^:^r» 
E°:frsu^rrp:Ma-s\ruS^^^^^ 

by a larg amount of gas (which .s produced 



during blow-down immediately after the occurrence 
o the accident) introduced into the supp^s .on 
000M2 the water level of the suppression pool 1 2 
fs tl low during the norma, operating cond-^o"^ 
■ ci« Aa <io as to prevent a large 

.n therefore the condition shown in Fig. 4b is ob 
aS and then the water level of the suppression 
oToil 2 can be raised at the time of the long-period 
Sing stage, as shown In ^--g- 3c. the 
area of heat radiation to the outer P0°' ^ can^^^ 

,5 increased, thereby enhancing the heat radiation 

'^'"prrJT: an enlarged view of a portions 

'^'''''^:ZT:.:^o.-^^^o. Of the upper and lower 
communication holes in the structu^l w^M6^ a 
temperature stratification phenomenon (mentioned 

enon through the communicator. "^Jf ^"JJJJ, 
As Is already known, that the water in ine 
S «P.o-l«. Chamber .2J»-m 

'irrs rx rr^. »a». 

munication holes 18a to the outside of the struc 

is cooled by the outer pool 15. Then, we w 
LerVescends along the wall of the ^^^^J^^ 

because of the provision of the upper and lower 
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communication holes, as described above. 

The thermal capacity of the suppression pool 
12 Is increased as a result of rising the water level 
of the suppression pool 12 by the overflow water 
from the gravity-driven ECCS 21. and therefore the 
temperature rise of the suppression pool 12 upon 
removal of the decay heat is suppressed, and 
consequently the effect of suppressing the pres- 
sure in the primary containment vessel 10 is much 
enhanced. 

In the above-mentioned embodiment, the com- 
munication holes 18a formed through the structura 
wall 16 are disposed above the normal water level 
of the suppression pool 12. The type of construc- 
tion in which such communication holes 18a are 
disposed below the normal water level of the sup- 
pression pool 12 will now be described with refer- 
ence to Figs. 4a to 4c. 

in this embodiment, the wet well 13 is divided 
by the concrete structural wall 16 into the inner 
portion 13b and the outer portion 13a. and there- 
fore the non-condensable gas is accumulated in 
the inner portion 13b of the wet well 13. With this 
arrangement, the partial pressure of the nitrogen in 
the inner portion 13b is higher than the partial 
pressure of the nitrogen in the outer portion 13a 
and the water levels of the inner pools 12b and 
outer pool 12a differ from each other in accordance 
with the pressure difference between the inner por- 
tion 13b and the outer portion 13a. that is. the 
water level of the outer pool 12a is higher than that 
of the inner pool 12b. as shown in Fig. 4a- As a 
result, the area of contact of the water o the 
suppression pool 12 with the inner peripheral sur- 
face of the primary containment vessel 10 is in- 
creased, thus increasing the effective area of heat 
transfer to the outer pool 15. ^ ^, 

The partial pressure of the non-condensable 
nas is determined by the volume ratio of the dry 
well 11 and the wet well 13. and at the time of the 
accident, the space of the operation floor 30 is 
communicated with the space of the wet well 13 so 
as to increase the capacity for accommodating the 
non-condensable gas. thereby decreasing the non- 
condensable gas partial pressure. 

Fig 5 shows one example of heal radiation 
characteristics of the cooling system of the primary 
containment vessel 10. Up to a stage of about 20 
hours after the accident, the radiated or released 
heat from the outer pool 15 is smaller than the 
decay heat produced at the reactor core 1. and 
therefore the temperature of the suppression pool 
12 rises, and the pressure of the wet well 13 is 

increased. ^„ 

When the pressure of the wet well 13 exceeds 
the operating pressure for destroying the rupture 
disk 31. the rupture disk 31 is ruptured, so that the 
wet well 13 is communicated with the spac above 



the operation floor 30 in the primary containment 
vessel 10 As a result, the non-condensable gas 
accumulated in the wet well 13 is allowed to flow 
into the space of the operation floor 30. Thus, the 
5 volume of the space of the operation floor 30 can 
be used as a part of the volume of the wet well 13. 
Therefore, the volume of the wet well 13 is virtually 
increased, so that the pressure in the primary con- 
tainment vessel 10 Is abruptly lowered. 
,0 Also, the non-condensable gas led into the 
space of the operation floor 30 has become high in 
temperature during the passage thereof through ttie 
suppression pool 12. Since the non-condensable 
gas. having flown into the space of the operation 
75 floor 30. has a high temperature, this gas move 
upward to heat the inner surface of the pnnriary 
containment vessel 10 above the operation floor 
30 Due to this heating, the gas in the air-cooling 
duct 33 in contact with the outer surface of the 
20 primary containment vessel 10 Is heated. The heat- 
ed gas in the air-cooling duct 33 is discharged 
from the outlet 87 of the air-cooling duct 33 to the 
exterior, and instead a fresh supply of cold air is 
drawn Into the air-cooling duct 33 from its air intake 
25 port 32, thereby cooling the primary containment 
vessel 10 by a natural draft air cooling. 

As shown in Rg. 6. the air-cooling duct 33 is 
provided on the outer periphery of the primary 
containment vessel 10. and in order to enhance the 
30 heat radiation by the natural draft air cooling, it is 
necessary to increase the velocity of the air moving 
upward in the air-cooling duct 33. For this reason, 
the gap between the air-cooling duct 33 and the 
outer peripheral surface of the primary containment 
35 vessel 10 Is limited to about 20 cm to about 30 cm 
After the rupture disk 31 is ruptured, the natural 
draft air cooling by the air-cooling duct provided on 
the outer periphery of the primary containment 
vessel 10 can be also used, and therefore the 
40 amount of heat radiation from the primary contain- 
ment vessel 10 is increased. By using the water- 
cooling through the outer pool 15 in combination 
with the air-cooling by the air-cooling duct 33. from 
a stage of about 50 hours after the accident, the 
45 amount of radiated heat (released heat) exceeds 
the decay heat, and the pressure in the pnmary 
containment vessel 10 and the temperature of the 
water of the suppression pool 12 decrease with the 
lapse of time. 

50 As described above, there is provided the outer 
pool system in which, using the cooling water from 
the ECCSs and the wet well structure divided by 
the concrete sUuctural wall 16, the water level of 
the suppression pool 12 is raised to increase the 
55 effective heat transfer area. Also, there is provided 
the primary containment vessel 10 of the type in 
which at the time of the accident, the wet well 13 
can be communicated with the space of the opera- 
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tion floor 30 by desUoying the rupture d.sk 31 so 
as to increase the volume of the wet well 13. 
Further, there is provided the air-coolir,g system for 
a^-cooling the wall of the primary contamment ves 
sal 10 in contact with the wet well 13 these 
arrangements, the temperature nse and the pres 
sure rise in the primary containment vessel 10 can 

^^t2::reS:tt Of the present inve.^^^ 
is Shown in Fig. 9. This embodiment diHers from 
he irrembodiment of Fig. 1 in that a heat accu- 
mulator 40 having a melting point of not more than 
Too- C is provided in an outer pool 15. As shown ,n 
F^ 8. due to the radiation of heat from a suppres- 
s on pool 12 to the outer pool 15, the temp^^^tu e 
oHhe water of the outer pool 15 rises to9e«ier 
the temperature of the heat accumulator 40 how 
ever, the temperature rise of the water of the outer 
poo 15 is suppressed by the melting heat o the 
Sat accumulator 40. and the temperature of the 
of the outer poo. 15 can be kept constant 
near the melting point of the heat accumulator 40. 
Tsho^ tn k 8. Therefore, the temperature 
difference between the outer pool 15 and the 
cSuously-heated suppression pool 12 becomes 
Seater so that the heat radiation charactensfcs 
a e tnhanced. Also, since the temperature nse of 
7e outer pool 15 is suppressed, the time requ.ed 
or the pool water to evaporate becomes longer 
L a walk-away period (which is a time period 
recessary for securing external replenishment wa- 
ter to be fed to the outer pool 15) can be p o- 
onged and therefore the burden on the operator 
can be alleviated. The other portions of the nuclear 
reactor installation of this embodiment are the 
same as those of the preceding embodiment, and 
therefore explanation thereof is omitted^ 

Fiq 10 shows a third embodiment of the 
present invention. This embodiment differs from 
the embodiment of Rg. 1 in that a branch hne 28 .s 
connected to a line 25 connected ^^^J^^ ^^^^ 
ing water pool 21 of a gravity-dnven ECCS and a 
reactor pressure vessel and that a shut-off valve 29 
s mounted on the branch line 28 By opening he 
shut-off valve 29. a part of water held by the 
cooling water pool 21 is fed to °"ter pooM5 so 
as to raise the water of the outer pool 15 to a 
p^Lrmined level by the use of a float valve not 
shown) or the like. With this arrangement, during 
the normal operating condition, the outer pool 15 is 
kept at the same water level as that of a suppres- 
sion pool 12. so that the water pressures artmg 
respectively on the inner and outer surfaces of a 
primary containment v ssel 10 are alrno^ the 
same thereby preventing the buckling of the wal 
o^Te primarj containment vessel 10. In the event 
of an accident, heat radiation characteristics are 
nhanced because of the raised water level of the 



outer pool 15. The other portions of the nuclear 
reactor installation of this embodiment are the 
same as those of the embodiment of Fig. 1. and 
therefore explanation thereof is omitted. 

Fia 11 shows a fourth embodiment of the 
present invention. This embodiment differs from 
L embodiment of Fig. 1 in that instead of us ng 
the outer pool system, lower end POrt«o"S °f a 
plurality of double-walled heat transfer tubes 41 are 
,0 S sposed in a suppression pool 12 where^^^Jf 
upper end portions thereof are disposed in a cool- 
ing pool 42 disposed above the suppression pool 
12 An exhaust line 43 is connected between a 
gas-holding portion of the cooling pool 42 and the 
,5 exterior of a primary containment vessel 10^ 

By water held by a gravity-driven ECCS. the 
suppression pool 12 is raised to a water level 
higher than its normal water level indicated by a 
broken line, and the lower end portions of outer 
,0 tubes 90 of the double-walled heat trans er tubes 
41 are heated by the pool water. The watBr .n the 
heated outer tube 90 of each double-walled heat 
Snsfer tube 41 rises and flows into the cooling 
pool 42, disposed above the suppression poo 12. 
25 by a natural convection, thereby raising he tem- 
perature of the water in the cooling poo 42^ An 
Lt 92 of an inner tube 91 of each double-waited 
heat transfer tube 41 is disposed at a lower portion 
of the cooling pool 42, and therefore the coo, 9 
30 water of low temperature descends through he 
inner tube 91. Since the inner tube 91 and the 
outer tube 90 are communicated with each ^her a 
the lower end portion of the double-wa led heat 
transfer tube 41. the water in the oute tube 90 s 
35 again heated by the suppression pool 12. and 
raised, thus forming a circuit for the water. 

In this manner, the decay heat accumulated in 
the suppression pool 12 is transferred to the cooi- 
ng pool 42 via the double-walled heat transfe 
40 tubes 41 . and finally the water in the cooling poo 
^ 42 evaporates, and is discharged from the exhaus 
line 43 to the exterior of the primary contamment 
vessel 10. Therefore, the temperature rise of the 
suppres^on pool 12 is suppressed, thereby reduc- 
« ng t e steam partial pressure. The other portions 
of same as those of the embodiment of Fig. 1 . and 
therefore explanation thereof is omitted^ 

Fia 12 shows a further embodiment of the 
present invention. This embodiment differs from 
50 L embodiment of Fig. 1 in that the outer pooMs 
raolaced by a cooling system of a steam con- 
de Son tjpe in which steam is fed to a plurality 
Theal exchangers 50. provided in a cooling pod 
51 mounted above a reactor pressure vesse 2 via 
55 a line 53 branched from a main stea,^ Une 3 
thereby condensing the steam produced at a r ac 

"each of the heat exchanger 50 is of a shell- 
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and-tube type, and comprises a plurality of heat 
transfer tubes 58, a plenum 59 mounted on the 
upper ends of the heat transfer tubes 58 so as to 
distribute the steam, and a plenum 60 mounted on 
the lower ends of the heat transfer tubes 58 so as 
to collect the condensate. In the heat exchanger 
50, the steam flowing through the heat transfer 
tubes 58 are condensed by water on the shell side. 
Non-condensable gas contained in the steam is 
separated from the condensate by the plenum 60, 
and the condensate is returned under gravity to the 
reactor pressure vessel 2 via a line 54. then, the 
non-condensable gas is discharged to a suppres- 
sion pool 12 via a line 55. With this arrangement, 
the decay heat produced from the reactor core 1 is 
accumulated in the cooling pool 51 by the heat 
exchangers 50 utilizing the steam condensation, 
and the steam resulting from the evaporation of the 
water in the cooling pool 51 is discharged to the 
exterior of the containment vessel via a line 52, 
thereby achieving a heat radiating function. In the 
event of an accident, shut-off valves 56 and 57 
mounted respectively on the lines 53 and 54 are 
opened, thereby obtaining the steam condensation 
operation by the heat exchangers 50. In this exam- 
ple, a cooling water pool 21 serving as a water 
reservoir for a gravity-driven ECCS is provided 
below the cooling pool 51 . 

In any of the above embodiments, the bottom 
of the pools, those portions in contact with the 
cooling water, and those surfaces of the concrete 
wall which may be made in contact with the cooling 
water are covered with a metallic liner. 

In any of the above embodiments, without the 
use of any powered equipment such as a pump, 
the decay heat produced at the reactor core can be 
removed based on the passive principle, and there- 
fore the reliability of the plant is enhanced. Also, 
the primary containment vessel can be expanded 
in such a manner to include the operation floor 
space, and therefore there is no need to provide a 
new space for achieving this expansion, and the 
overall reactor installation will not become unduly 
large even when the primary containment vessel 
has a large size. 

The primary containment vessel is made of 
steel, and can include the operation floor space 
only at the time of the accident to provide the large 
heat radiation area, thereby enhancing the heat 
radiation ability. Therefore, advantageously, the nu- 
clear reactor installation using this primary contain- 
ment vessel can be of a compact construction. 

The plurality of emergency reactor core cooling 
systems effect the natural supply of the cooling 
water in association with one another to thereby 
achieve the long-period cooling function, and there- 
fore the cooling reliability is enhanced. Further, the 
lower portion of the dry well is submerged, and 



accordingly, even though an extraordinary core 
melt accident occurs, the soundness of the primary 
containment vessel can be ensured. 

Since the emergency core cooling systems are 
5 all disposed within the primary containment vessel, 
it is possible to restrain accidents of radio-active 
leakage to the outside of the primary containment 
vessel through the emergency cooling systems, 
and accordingly, the safety of the nuclear reactor 
10 installation can be enhanced. 

The upper communication holes among those 
formed in the concrete structure walls partitioning 
the outer peripheral section and the inner periph- 
eral section of the pressure suppression pool from 
76 each other, are located above the outlet of the vent 
tube and above the normal level of the water in the 
suppression pool, and accordingly, the cooling wa- 
ter from the emergency core cooling systems can 
flow Into the inner peripheral section of the sup- 
20 pression pool, overflowing the outlet of the vent 
tube, and then into the outer peripheral section of 
the suppression chamber through the upper com- 
munication holes, smoothly, without substantial re- 
striction. Accordingly, the level of water in the outer 
25 peripheral section can be soon raised, resulting in 
an increase in the heat transfer area through which 
the heat is radiated from the outer peripheral sec- 
tion of the suppression pool into the outer pool. 
The provision of the heat accumulator in the 
30 external pool allows the temperature difference be- 
tween the suppression pool and the external pool 
to increase, resulting in that the heat radiation from 
the suppression pool to the external pool is made 
for a long period, thereby it is possible to increase 
35 the capacity of heat radiation. 

The external pool is replenished with cooling 
medium so as to increase the level of water in the 
external pool, resulting in that the temperature of 
cooling medium in the external pool and the lower- 
40 ing of the level water therein due to evaporation 
can be restrained. Accordingly, the heat radiation 
from the pressure suppression pool to the external 
pool can be made for a long period, and the 
capacity of the heat radiation can be increased. 
45 With the provision of the natural draft cooling 
means for cooling the upper section of the steel 
primary containment vessel with the use of the 
ambient air while the lower section of the primary 
containment vessel is cooled by the water in the 
50 external pool surrounding therearound, and accord- 
ingly, the primary containment vessel can be effi- 
ciently cooled in its entirety, and the cooling in- 
stallation with no powered units nhance the re- 
liability of the nuclear reactor installation. 
55 The provision of the steam condenser, in stead 

of the external pool, allows the steam which is 
generated from the reactor core after an accident 
to be condensed in the heat-exchangers so as to 
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accumulate the heat thereof in the cooling water 
pool from which water is therefore evaporated. With 
this evaporation of the water, the decay heat can 
be effectively radiated externally from the primary 
containment vessel, thereby it Is possible to suit- 
ably restrain the pressure of the inside of the 
primary containment vessel. 

The provision of the heat transfer pipe, instead 
of the external pool, having Its lower end part 
disposed in the suppression chamber and its upper 
end part disposed in the cooling water pool, allows 
the suppression pool to be cooled by the natural 
convection. Accordingly It is possible to restrain the 
temperature of the suppression pool from rising. 

The inside of the steel primary containment 
vessel is divided into two spaces, the first space 
containing therein the pressure vessel and the sec- 
ond space containing therein the operation floor, 
which are isolated, in a fluid-tight manner, from 
each other by the partition means, and which are 
communicated with each other by the opening and 
closing means provided in the partition means. 
Accordingly, in the event of an accident, the open- 
ing and closing means Is opened so as to appar- 
ently enlarge the volume of the pressure suppres- 
sion chamber up to that including the first space 
containing therein the operation floor, resulting in 
an increase in pressure absorption capability, 
thereby it is possible to enhance the durability of 
the primary containment vessel even under the 
accident of a long period. Further, the heat radi- 
ation can be made along the wide surface area of 
the primary containment vessel including the oper- 
ator floor space, and accordingly, it is possible to 
enhance the effect of cooling. Further, the upper 
section of the primary containment vessel is used 
for the operation floor which is inevitable for the 
nuclear reactor installation, and accordingly, no ex- 
tra space exists in the primary containment vessel. 
Thereby, an excessive increase in the volume of 
the primary containment vessel can be restrained 
as far as possible. 

Within the steel primary containment vessel in 
which the operational floor space can be included 
in the suppression chamber which is therefore en- 
larged substantially in the event of an accident, 
there are provided emergency core cooling sys- 
tems, such as an accumulator type emergency 
core cooling system and a gravity-driven emer- 
gency core cooling system, in combination of 
water-cooling and air cooling systems for the pri- 
mary containment vessel, which are operated by 
natural power sources given by natural convection, 
thermal transmission, condensation and evapora- 
tion, so as to constitute a fail-safe system. There- 
by, it is possible to prevent the primary contain- 
ment vessel from having an excessively large size 
and to enhance the reliability of th nuclear reactor 



installation. Further, with the use of the static or 
passive safe system installation, it is possible to 
aim at simplifying the system structure and at 
miniaturizing the primary containment vessel, 

5 thereby it is possible to enhance the easiness of 
building and the economy thereof. 

While the preferred embodiments of the 
present invention have been specifically described 
with reference to the drawings, the invention is not 

10 limited to the above-mentioned embodiments, and 
various modifications can be made thereto without 
departing from the scope defined by the appended 
claims. 

75 Claims 

1, A nuclear reactor installation, said nuclear re- 
actor installation comprising a reactor pressure 
vessel containing a reactor core; a concrete 

20 structural portion enclosing and holding said 

reactor pressure vessel; a dry well formed 
within said concrete structural portion and en- 
closing said reactor pressure vessel, said dry 
well having an upper portion and a lower por- 

25 tion; a primary containment vessel enclosing 

therein said concrete structural portion; a pres- 
sure suppression chamber having therein a 
pressure suppression pool, a vent tube com- 
municating between said dry well and said 

30 suppression pool and having an upper outlet; 

and an accumulator-type emergency core 
cooling system, a gravity-driven emergency 
core cooling system and an equalizing system 
for submerging said reactor core, which are 

35 mounted within said primary containment ves- 

sel; 

said accumulator-type emergency core 
cooling system including a pressure accumula- 
tor tank holding cooling water under a pre- 

40 determined accumulation pressure, and first 

closing and opening means communicated 
with said pressure accumulator tank, said first 
closing and opening means being opened 
when the pressure in said reactor pressure 

45 vessel decreases below said predetermined 

accumulation pressure in the event of a cool- 
ant loss accident, thereby supplying the cool- 
ing water from said pressure accumulator tank 
into said reactor pressure vessel to cool said 

50 reactor core; 

said gravity-driven emergency core cool- 
ing system including a cooling water pool pro- 
vided above said reactor core, and second 
closing and opening means communicated 

55 with said cooling water pool, said second clos- 

ing and opening means being opened when 
the pressure in said reactor pressure vessel 
decreases to a certain level below said pr - 
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determined pressure, thereby supplying the 
cooling water fronn said cooling water pool into 
said reactor pressure vessel under gravity, and 
the cooling water fed from said cooling water 
pool overflowing said reactor pressure vessel 5 
to fill in the lower portion of said dry well, and 
then flowing into said suppression pool so as 
to raise the water level of said suppression 
pool; 

said equalizing system including third clos- io 
ing and opening means which is opened when 
the water level of said suppression pool In- 
creases above a predetermined level, so as to 
feed the cooling water from said suppression 
pool Into said reactor pressure vessel, thereby 75 
submerging said reactor core to cool the 
same. 

A nuclear reactor installation according to 
claim 1, wherein said primary containment ves- 20 
sel is made of steel, an outer pool is provided, 
surrounding the lower portion of said primary 
containment vessel, for cooling said suppres- 
sion pool. 

25 

A nuclear reactor installation according to 
claim 2, wherein said concrete structural por- 
tion includes an outer peripheral wall having a 
lower portion, said suppression pool is divided 
by said outer peripheral wall into an outer 30 
portion and an inner portion, said outer portion 
and said inner portion being communicated 
with each other via upper and lower commu- 
nication holes formed through the lower portion 
of said outer peripheral wall. 35 

A nuclear reactor installation according to 
claim 3, wherein said upper communication 
holes are located above the outlet of said vent 
tube and above a normal water level of said 40 
suppression pool, and said lower communica- 
tion holes are located below the outlet of said 
vent tube and below the normal water level of 
said suppression tube. 

45 

A nuclear reactor installation according to 
claim 3, wherein said upper communication 
holes are disposed below a normal water level 
of said suppression pool, steam fed from said 
reactor pressure vessel into the inner portion 50 
of said suppression pool is condensed in the 
case of emergency and also increases the 
pressure In said inner portion of said suppres- 
sion pool, so that the cooling water In the inner 
portion of said suppression pool is urged by 55 
said Increased pressure into the outer portion 
of said suppression pool to raise the water 
level of said outer portion of said suppression 



pool. 

6. A nuclear reactor installation according to 
claim 2, wherein a heat accumulator Is pro- 
vided in said outer pool. 

7. A nuclear reactor installation according to 
claim 1, wherein a steam condenser Is pro- 
vided in said cooling water pool, steam being 
fed from said reactor pressure vessel to said 
condenser, so that said steam is condensed 
into condensate, said condensate being re- 
turned to said reactor pressure vessel, and gas 
contained In said steam and not condensed 
being discharged to an Inner portion of said 
suppression pool. 

8. A nuclear reactor installation according to 
claim 2, wherein a heat-exchange between the 
cooling water in said cooling water pool and 
the cooling water in said suppression pool is 
effected through a heat exchanger. 

9. A nuclear reactor installation according to 
claim 2, wherein a cooling water supply sys- 
tem having closing and opening means is pro- 
vided in said outer pool, said closing and 
opening means of said cooling water supply 
system being opened upon an accident, so as 
to replenish said outer pool with cooling water, 
thereby raising the level of the cooling water in 
said outer pool. 

10. A nuclear reactor installation according to 
claim 2, In which air-cooling means using the 
ambient air is provided at an upper portion of 
said primary containment vessel. 

11. A nuclear reactor installation comprising: 

a reactor pressure vessel; 
an operation floor; 

a primary containment vessel made of 
steel and enclosing said reactor pressure ves- 
sel and said operation floor, said primary con- 
tainment vessel having upper and lower por- 
tions, and an interior; 

partition means dividing the interior of said 
primary containment vessel into a first space 
containing said reactor pressure vessel and a 
second space containing said operation floor in 
such a manner that said first and second 
spaces are isolated from each other, said parti- 
tion means sealing said first and second 
spaces, relative to each other; and 

at least one opening and closing means 
provided in said partition means, for commu- 
nicating the first and second spaces with each 
other when said opening and closing means is 
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opened upon an accident. 

12. A nuclear reactor installation according to 
claim 11, wherein an air cooling means is 
provided surrounding around the lower portion 5 
of said primary containment vessel, and an 
external pool is provided surrounding around 

the lower portion of said primary containment 
vessel. 

10 

13. A nuclear reactor installation according to 
claim 12, wherein said air-cooling means com- 
prises a plurality of natural ventilation ducts 
covering the upper portion of said primary 
containment vessel. 75 

14. A nuclear reactor installation according to 
claim 11, wherein said opening and closing 
means comprises a valve openable by a pres- 
sure difference between said first and second 20 
spaces. 

15. A nuclear reactor installation according to 
claim 13, wherein said openable valve has a 
rupture disk. 25 
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FIG. 3a 
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FIG. 3d 




21 



EP 0 476 563 A2 



FIG. 4a 



|3b 

1 y / lO V 




17b ,2 



14' 



FIG. 4c 



17a 



12 18 



22 



EP 0 476 563 A2 



F I G. 5 




TTT| 1 — I I I I I III 1 — 1 I I III l| 




23 



EP 0 476 563 A2 




24 



EP 0 476 563 A2 



F I 6. 8 



TEMPERATURE 



IOO°C 

MELTING POINT 
OF HEAT 
ACCUMULATOR 




TEMPERATURE OF 
SUPPRESSIONI POOL 



TEMPERATURE OF 
/ CONVENTIONAL OUTER 
/ POOL 
JL , 



TEMPERATURE OF 

' OUTER POOL OF 

PRESENT INVENTION 



TIME 



F I G. 9 




25 



EP 0 476 563 A2 
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